INTRODUCTION
It is well known that free radicals may play an important role in the oxidation of unsaturated lipids in foods, as well as in oxidative cell damage in the human organism, which can lead to a variety of diseases (1) . Antioxidants (such as polyphenols, carotenoids, vitamin C and vitamin E) are able to intercept the free radical chain of oxidations, and therefore can find applications for increasing stability of foods or for protecting oxidative damage in living systems (2) .
Several methods have been proposed to measure the antioxidant activity of pure compounds and plant extracts, such as FRAP (Ferric Reducing Antioxidant Power), ORAC (Oxygen Radical Absorbance Capacity), ESR (Electron Spin Resonance), ABTS (2,2-azinobis(3-ethyl-benzothiazoline-6-sulphonate) and DPPH
• (2,2-diphenyl-1-picrylhydrazyl) (3) . Usually, these determinations are based on a fixed endpoint which may not consider the different kinetic behaviour of the antioxidants. Some investigators have proposed kinetic parameters that can provide more complete information about antioxidant properties (4) (5) (6) and suggested that the kinetics could be more important than the total antioxidant capacities determined at a fixed point (7, 8) . Therefore, kinetic behaviour of antioxidant activity is an important characteristic that has to be investigated.
The selection of solvents with different polarities for a suitable extraction procedure may allow the evaluation of different potential antioxidants. In a number of studies, it was indicated that for a complete statement on the antioxidant capacity of different plant materials the antioxidant activity of their lipophilic and hydrophilic parts has to be investigated (9) . In our previous paper, kinetic behaviour of the DPPH radical scavenging activity of hydrophilic extracts, obtained from tomato waste (remaining after juice processing from different tomato genotypes -Bačka, Knjaz, Novosadski niski, Rutgers and Saint Pierre), was investigate (10) . Thus, the aim of this study was to evaluate the DPPH radical scavenging activity and kinetic behaviour of the lipophilic tomato waste extracts. Also, the linear correlation analysis was used to establish the relationship between the content of antioxidant compounds and antiradical activity.
EXPERIMENTAL

Chemicals and materials
Lycopene, β-carotene, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2-tert-butyl-4-hydroxyanisole (BHA), were obtained from Sigma (St. Louis, USA). All other chemicals and reagents were of the highest analytical grade.
Tomato genotypes (Bačka, Knjaz, Novosadski niski, Rutgers and Saint Pierre) grown in the fields of the Institute of Field and Vegetable Crops, Novi Sad, Serbia were taken for the experiments. The materials include new (Bačka, Knjaz and Novosadski niski) and traditional (Rutgers and Saint Pierre) genotypes.
Waste preparation and extraction procedure
The dried tomato waste was prepared as reported in our previous paper (11) . Samples of dried tomato waste (10 g) were extracted with hexane at room temperature, using a high performance homogenizer, Heidolph DIAX 900 (Heidolph Instruments GmbH, Kelheim, Germany). The extraction was performed three times with 160 ml hexane for 10 min at room temperature. The total extraction time was 30 min. The obtained three extracts were combined and evaporated to dryness under reduced pressure.
The weights of the lipophilic extracts were: Bačka, m = 0.121 ± 0.005 g; Knjaz, m = 0.085 ± 0.004 g; Novosadski niski, m = 0.706 ± 0.034 g; Rutgers, m = 0.828 ± 0.041 g; Saint Pierre, m = 0.461 ± 0.023 g.
Determination of lycopene and β-carotene content
The lycopene and β-carotene content in lipophilic extracts were determined according to the method of Nagata and Yamashita (12) . The dried lipophilic extract (2 mg) was vigorously shaken with 20 ml of acetone-hexane mixture (4:6) for 1 min and filtered through Whatman No. 4 filter paper. The absorbance of the filtrate was measured at 453, 505, 645 and 663 nm. Contents of lycopene and β-carotene were calculated according to the following equations:
Lycopene (mg/100 ml) = -0.0458 A 663 + 0.204 A 645 + 0.372 A 505 -0.0806 A 453 [1] β-Carotene (mg/100 ml) = 0. 
DPPH radical scavenging activity
The DPPH radical scavenging activity of the tomato waste extracts was determined spectrophotometrically using the DPPH
• method of Espin, Soler-Rivas and Wichers (13), modified for this assay. Briefly, a volume of 0.5 ml of solution of the lipophilic extract (0.1; 0.2; 1; 2; 3; 4; 5 i 10 mg/ml), in acetone/methanol (1/1, v/v) or 0.5 ml of acetone/methanol (1/1, v/v) (control) was mixed with 1.5 ml of 90 μM methanolic solution of DPPH radical and 3 ml of methanol. The mixture was shaken vigorously and incubated at room temperature for 150 min. The absorbance at 580 nm was measured at different intervals (after 10, 20, 60, 120 and 150 min) using a UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan) against a blank that had been prepared in a similar manner as the control, by replacing the DPPH radicals solution with methanol. The amount of remaining DPPH
• in the reaction medium was calculated using the following equation:
Amount of remaining DPPH • (%) = 100×A Sample /A Control [3] where A Control is the absorbance of the control reaction and A Sample is the absorbance in the presence of the extract measured at different time intervals.
The efficient concentration at different times EC 50,t (mg extract/mg DPPH 
Statistical analysis
All measurements were performed in triplicate and the results are presented as mean ±SD. The IC 50 values were calculated using Microsoft Office Excel 2003.
RESULTS AND DISCUSSION
The wastes from industrial processing of fruit and vegetables present problems for storage, transformation, or elimination, in both ecological and economic terms, but they also could be an alternative source of natural antioxidants (14, 15) . Therefore, it is important to investigate antioxidant properties of wastes for testing the possibilities of their potential applications.
Tomatoes are one of the most widely used and versatile vegetable crops consumed as fresh or in the form of processed products such as tomato juice, paste, purée, ketchup, sauces and soups (9, 16) . The by-product that remains after processing can still contain considerable amount of lipophilic (such as carotenoids, tocopherols, etc.) and hydrophilic (such as polyphenols, vitamin C, etc.) antioxidant phytochemicals (17) (18) (19) .
In this study, the waste from different tomato genotypes (Bačka, Knjaz, Novosadski niski, Rutgers and Saint Pierre), obtained as by-products in juice processing, were used to prepare lipophilic tomato waste extracts.
The contents of carotenoids (lycopene and β-carotene) in lipophilic tomato waste extracts expressed as mg per g dry weight of extract, are shown in Table 1 . Among the investigated extracts, the highest content of lycopene and β-carotene were found in Knjaz waste extract (22.64 ± 0.86 mg/g and 15.93 ± 0.56 mg/g, respectively). The scavenging of stable DPPH radicals is a widely used method to evaluate antioxidant activities because of its simplicity and accuracy (20) . It is known that the DPPH radical is considered to be a model of a stable lipophilic radical (21) . Therefore, the DPPH radicals assay is a suitable model system for testing the effects of lipophilic antioxidants, and the results of this assay provide information about the protective effects of the antioxidants in the oxidation of lipids.
Kinetic studies of the DPPH radical-extract reaction were performed to estimate the scavenging activity of the extracts as a function of time. The free DPPH radical is quite stable for more than 150 min at 20 o C in the reaction medium. Hence, it allows the evalu-
ation of the radical scavenging activity of the extracts within that time. The decrease in the absorbance was determined at 580 nm because of the interfering carotenoids at 515 nm (22) . The data showed that the DPPH radical solution was bleached with all the samples tested. However, differences could be observed through different concentrations of extracts used. The kinetics of the DPPH radical annihilation by different tomato waste extracts are shown in Figures 1-5 . Immediately after the addition of the tomato waste extracts to the reaction medium, the absorbance dropped due to the decrease of DPPH radical concentration in the medium. Clearly, the highest rate of DPPH radical decay occurred within the first 10 min of the reaction. However, the extract solutions maintained their antioxidant effect until the end of the experiment (150 min). (6, 23, 24) . According to our previous findings (10), the hydrophilic tomato waste extracts are classified as showing a slow (or more precisely -very slow) behaviour. For all lipophilic tomato waste extracts, a steady state was not attained even after 150 min of the reaction. Thus, the investigated lipophilic extracts can be classified as antioxidants with slow kinetic behaviour. At each time, it was possible to compare the antioxidant activity of the extracts (23) . For example, in the presence of 9.26 mg of Rutgers extract per mg DPPH radicals, after 150 min, about 86.44 % of the initial DPPH radicals remained in the medium. In the presence of the same concentration of Knjaz extract, 6.05 % of initial DPPH radicals remained in the medium after the same time.
The concentration (EC 50,t ) of the tomato waste extract and reference radical scavenger (BHA) required to decrease twofold the DPPH radical concentration at the chosen reaction time (10, 20, 60, 120 and 150 min) were calculated. A lower EC 50,t value indicates a higher DPPH radical scavenging activity. The EC 50,t values of tomato waste extracts and BHA, as well as their kinetic classification are presented in Table 2 . A comparison of the EC 50,t values for the extracts showed that the DPPH radical scavenging activity of the extracts decreased in the order of Knjaz > Bačka > Saint Pierre > Rutgers > Novosadski niski. It was also observed that the EC 50,t values of the tomato waste extracts were higher than those of the individual antioxidant compound (BHA). The linear correlation analysis was used to ascertain the relationships between the individual parameters and establish their relative importance in the antioxidant status of tomato waste extracts. The contents of lycopene and β-carotene were correlated with the DPPH radical scavenging activity expressed as EC 50,t ( Table 3 ). The DPPH radical scavenging activities were highly associated with the content of lycopene (|r| > 0.78). Also, the high degree of correlation existed between the DPPH radical scavenging activity and β-carotene content in tomato waste extracts (|r| > 0.69).
The results of the correlation analysis suggest that lycopene is the main individual carotenoid responsible for the EC 50,t values of the tomato waste extracts towards the stable DPPH radical. This is consistent with the findings of Sánchez-Moreno et al. (9) , who also reported that lycopene is the main individual carotenoid responsible for the In the study of Jiménez-Escrig et al. (22) , it was found that lycopene was much more reactive than the other carotenoids tested. Considering this, significantly higher antioxidant activity of Bačka and Knjaz waste extracts can be attributed to the higher content of lycopene in these extracts. According to the previous studies, the mechanism of action for lycopene towards the reactive species can be predicted through three possible ways: (I) adduct formation (Lycopene + R
• → R-Lycopene • ), (II) electron transfer to the radical (Lycopene + R
• → Lycopene •+ + R -) and (III) allylic hydrogen abstraction (Lycopene + R
• → Lycopene • + RH) (27, 28) . Termination reactions do not necessarily have to lead to the termination of the antiradical activity. Oxidation products and their degradation products may further be reactive towards the DPPH radicals (28) . Since, the determination of antiradical activity of mixtures is far more complicated than the determination of antiradical activity of individual antioxidants, it is difficult to explain the mechanism of antiradical activity of the extracts.
CONCLUSION
In this work, lycopene and β-carotene content, as well as the kinetics of antiradical activity of lipophilic tomato waste extracts (obtained from Knjaz, Bačka, Saint Pierre, Rutgers and Novosadski niski genotypes) were determined. The kinetic behaviour of lipophilic tomato waste extracts and standard antioxidant compound (BHA) were investigated using the DPPH radical test.
Among the investigated extracts, the highest contents of lycopene and β-carotene were found in the Knjaz waste extract (22.64 ± 0.86 mg/g and 15.93 ± 0.56 mg/g, respectively).
The expression of the results in terms of the kinetic approach not only takes into account the activity of an antioxidant, but also provides information on how quickly the antioxidant acts. For all lipophilic tomato waste extracts, a steady state was not attained even after 150 min of DPPH radical-extract reaction. Thus, the investigated lipophilic extracts can be classified as antioxidants with slow kinetic behaviour.
A comparison of the EC 50,t values for the extracts showed that the DPPH radical scavenging activity of the extracts decreased in the order of Knjaz > Bačka > Saint Pierre > Rutgers > Novosadski niski. It was also observed that the EC 50,t value of the tomato waste extracts were higher than those of the individual antioxidant compound (BHA).
The high degree of correlation was found between the DPPH radical scavenging activity and the content of lycopene (|r| > 0.78) and β-carotene (|r| > 0.69) in tomato waste extracts.
Further research of antioxidant compounds in tomato waste is required to establish their bioavailability and real benefits in vivo and possibilities of potential applications.
